Background The soluble form of the interleukin 7 receptor (sIL-7R) is produced by fibroblasts after stimulation with proinflammatory cytokines. Increased sIL-7R serum and synovial fluid levels were recently demonstrated in patients with rheumatoid arthritis.
INTRODUCTION
Nephritis is a severe manifestation of systemic lupus erythematosus (SLE), caused in most cases by the glomerular deposition of anti-dsDNA antibodies that locally activate complement, and elicit a strong inflammatory response. Treatment of lupus nephritis (LN) usually requires the use of immunosuppressive agents in order to preserve renal function. When the disease reaches ( partial or complete) remission, flares of LN can occur, requiring the administration of new cycles of treatment. 1 However, detection of such flares cannot always rely on the use of systemic or renal markers of disease activity, 2 and repeat biopsies are often needed in the follow-up of the patients.
The need for markers of nephritis in patients with SLE prompted us to investigate the presence of the soluble form of the interleukin 7 receptor (sIL-7R) in serum and urine samples of patients with SLE with and without nephritis. Fibroblasts and, to a lesser extent, CD4 T cells produce a sIL-7R, by alternative splicing of the full-length IL-7R mRNA. We recently showed that exposure of synovial fibroblasts from patients with rheumatoid arthritis to proinflammatory cytokines (tumour necrosis factor α (TNFα), IL-1β, alone or in combination with IL-17, but not IL-6 or IL-7) induces the expression of sIL-7R. In rheumatoid arthritis, serum sIL-7R concentrations are significantly higher than in controls, and reflect disease severity and absence of response to methotrexate or TNF-blocking therapy. [3] [4] [5] Given the documented presence of similar proinflammatory cytokines in the lupus kidney, [6] [7] [8] [9] we wondered whether determination of sIL-7R concentrations in serum and urine might serve as a marker of local inflammation in LN.
PATIENTS AND METHODS Patients and controls
Serum samples were obtained from two groups of patients with SLE (n=27 and 60) and age-and gender-matched healthy individuals (n=75 and 44) in Belgium and the Netherlands. Serum sIL-7R measurements in Belgian control sera were published previously. 4 All patients with SLE met the 1982 revised criteria for the classification of SLE. 10 Demographic characteristics of the patients are described in table 1. All serum samples were harvested before the start of treatment in the Belgian SLE population. All patients from the Netherlands had low disease activity (SLE Disease Activity Index (SLEDAI) score between 0 and 6).
Eighteen Belgian patients with SLE had biopsyproven class III or class IV glomerulonephritis. Nine of them were included in a prospective trial 11 ; in these patients, follow-up serum samples were available at 3 months, after administration of low-dose intravenous cyclophosphamide (500 mg every 2 weeks), and corticosteroids (0.5 mg/kg/day, progressively tapered down to 0.1 mg/kg/day at month 3).
Peripheral blood mononuclear cells (PBMCs) were obtained from 10 additional patients with untreated LN (median SLEDAI score: 18) and 10 controls. Spot urine samples were collected from two independent populations of patients with SLE nephritis (before or after initiation of immunosuppressive treatment) and from controls.
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The study was approved by the ethics committees of the Université catholique de Louvain and UMC Utrecht, and informed consent was obtained from all patients.
sIL-7R ELISA
sIL-7R serum concentrations were determined by sandwich ELISA in serum and urine samples, as previously described, 4 using a goat polyclonal hIL-7R antibody (Sigma-Aldrich) as coating antibody and a mouse monoclonal hIL-7R antibody as detecting antibody (Sigma-Aldrich). The sensitivity of the ELISA is 20 pmol/ml.
RT-qPCR experiments
Total RNA was extracted from purified PBMCs from additional patients with untreated LN (n=10), and additional controls (n=10) using the Nucleospin RNA II extraction kit (Macherey-Nagel), including DNase treatment of the samples. cDNA was synthesised using RevertAid Moloney murine leukaemia virus RT (Fermentas) and oligo(dT) primers. Quantitative RT-PCR was performed on a LightCycler 480 (Roche) using SYBR Green detection mix. The following 10 mM primers were used: β-Actin: forward: GGCATCGTGAT GGACTCCG and reverse: CTGGAAGGTGGACAGCGA; sIL-7r: forward: AGCCAATGACTTTGTGGTGAC and reverse: TACGA TAGGCTTAATCCTGAG. The sIL-7R reverse primer spans the junction between exon 5 and exon 7 of the mRNA sequence of the IL-7R gene, and therefore cannot amplify the full IL-7R transcript. The melting curves obtained after each qPCR amplification confirmed the specificity of the SYBR Green assays. Normalised expression of the target genes in the studied samples was obtained using actin and sIL-7R standard curves.
Immunohistochemistry on frozen sections
Staining of frozen sections of the LN kidney (n=6) or control (kidney transplant from healthy donor, n=3) biopsy samples was performed as previously described 3 with the following antibodies: interleukin 7 receptor α chain (IL-7R) (Sigma Aldrich, clone 40131), tumour necrosis factor α (R&D Systems, clone 28401), interleukin 1β (Lifespan Biosciences, catalogue number LS-C18827) and interleukin 17 (eBioscience, clone eBio64DEC17).
Statistical analysis
Data are expressed as mean (± SEM) or median (range) and were analysed using SPSS V.15.0.1 and Graphpad Prism V.4.00 software. Student's t test was used to compare continuous variables with a normal distribution, and non-parametric tests (Mann-Whitney U or Wilcoxon matched-pairs signed rank tests) for categorical variables (SLEDAI) or continuous variables not distributed normally. For regression analyses, Spearman's correlation coefficients were calculated. A p value <0.05 was considered statistically significant.
RESULTS
First, serum sIL-7R concentrations in serum samples from patients with active SLE were measured. Patients with SLE from two different populations were characterised by significantly higher sIL-7R serum concentrations, as compared with controls (p<0.001 in both groups) ( figure 1A,B) . Patients with active arthritis at the time of serum sampling did not display higher serum sIL-7R levels compared with patients without arthritis (data not shown). By contrast, serum sIL-7R levels were significantly higher in patients with nephritis than in patients without nephritis (figure 1B). Serum IL-7R concentrations correlated significantly with disease activity (measured by SLEDAI) in all patients ( figure 1C) and also in the subgroup of patients with LN ( figure  1D ). In the LN group, there was no correlation between serum sIL-7R and other markers of disease activity: serum creatinine, proteinuria, serum C3 or anti-dsDNA antibody titres (data not shown). In nine patients with LN followed-up in a prospective trial, a strong decrease in serum sIL-7R levels was seen upon immunosuppressive treatment (figure 1E), associated with a decrease in SLEDAI scores (from 23 down to 6 median score). No significant differences in urine sIL-7R concentrations between patients with nephritis and controls were seen (see online supplementary figure S1 ). Taken together, these data indicate that serum sIL-7R may be a sensitive and specific marker of renal involvement in patients with SLE ( figure 1F) .
Next, the cellular source of sIL-7R production was investigated. qPCR experiments indicated that sIL-7R gene expression is not significantly higher in LN PBMCs than in controls ( figure 2A ). This suggests that other cell types, possibly at the site of inflammation, may contribute to the production of sIL-7R protein. Ab, antibody; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index.
In our previous work, we showed that sIL-7R can be produced partly by activated CD4 T cells, but mainly by activated fibroblasts, after stimulation with proinflammatory cytokines such as TNFα, IL-1β and IL-17. Therefore IL-7R, TNFα, IL-1β and IL-17 immunostainings were performed in kidney biopsy specimens from controls (n=3) and patients with untreated LN (n=6). No signal was detected in any of the control biopsies (data not shown). By contrast, strong IL-7R expression was seen in perivascular fibroblast-like cells (figure 2B) in all LN samples. In the surrounding tissue, expression of TNFα ( figure  2C ) but not IL-1β nor IL-17 (data not shown) was seen.
DISCUSSION
Our results demonstrate that sIL-7R serum concentrations are raised in patients with SLE compared with healthy controls and that they correlate with composite disease activity (SLEDAI) scores-in particular, in patients with nephritis. In addition, kidney disease suppression upon immunosuppressive treatment is associated with strong reduction in serum sIL-7R. We further provide evidence for the local production of IL-7R molecules in perivascular cells of the lupus kidney. The absence of overexpression of sIL-7R in PBMCs from patients with LN compared with controls, together with expression of IL-7R by kidney perivascular cells, suggests that raised serum sIL-7R concentrations in LN reflect activation of kidney tissue cells. The presence of TNFα in the interstitium suggests that exposure to this molecule contributes to the local production of sIL-7R, since we previously showed that sIL-7R production is induced in fibroblasts upon exposure to proinflammatory cytokines.
Variations in biological indices of systemic disease activity (serum anti-dsDNA antibody titres, serum complement) do not accurately reflect the activity of SLE. Although they have a high predictive negative value, it is well documented that rises in anti-dsDNA antibody titres, or drops in serum complement fractions are not necessarily associated with current or future flares of nephritis. 2 On the other hand, kidney-specific measurements such as the presence of haematuria and the quantification of proteinuria are obviously associated with the presence of glomerular lesions, but in longstanding disease, the interpretation of these parameters needs to take into account the possibility that they result from glomerular damage rather than inflammation. Therefore, assessment of renal disease activity in SLE usually requires histological evaluation of repeat-biopsy specimens.
In this context, evaluation of serum sIL-7R concentrations could provide unique information about exposure of renal tissue cells to proinflammatory stimuli, and help clinicians to tailor their treatments accordingly. Additional sIL-7R serum measurements, performed in prospective cohorts of patients, will help further to confirm sIL-7R as a valid surrogate marker of SLE (kidney) disease activity. 
